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LI ^^F^iTSTuS ^ is bip^^S. 'comprising a first set of cooling equipment that provides for dos^d c«,lmg^^ 
SanriiSecabinetfai^asecond set of cooling equipment thaiptovides for open c 
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S^«ctog?S Forth! Short period of time that the heat excta^ 

^.^A^s^ndset of cooling eq^pment will be employed to provide thnrngh-flow air circulation. Ttus is achieved by drawmg 
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Cooling system for a cabinet 
Field of the invention 

The present invention relates, in general, to the control of the 
5 internal atmosphere in equipment rooms. It is specifically concerned with the 
temperature control in electrical and telecommunications equipment cabinets 
located in environments where cooling is required to ensure reliable 
operation. 

"•0 Background 

Maintaining the temperature of the air within specified limits inside 
electrical and telecommunications cabinets, which will below be referred to 
by the more generic term "equipment cabinets", such as outdoor equipment 
cabinets is important in order to ensure nomial operation. An excessively 
high indoor air temperature will shorten the service life of equipment and may 
cause malfunctions. There exists a maximum pemiissible temperature for air 
inside outdoor installation cabinets containing telecommunications 
equipment, and if this temperature limit is exceeded, the equipment will be 
switched off to avoid damage. 
20 Base transceiver stations for mobile communications networks are 

increasingly being installed out of doors in locations such as roofs, walls and, 
where possible, on the ground. The need for equipment cabinets suitable for 
outdoor installation is evident. 

The heat generated by the equipment inside the cabinet essentially 
affects the air temperature inside the cabinet. In the case of a base 
transceiver station, the components that produce most heat are the 
transmitters on the transmitter/receiver units (TRX units). Other major 
sources of heat are the power supply unit and various output stages. Where 
the amount of heat being generated is not very high, gravity air circulation is 
enough to dissipate the heat. This is a suitable solution for geographical 
areas where the outdoor temperature does not reach a high level. Where the 
outdoor air temperature is high, forced air circulation may be used. This is 
accomplished by drawing ambient-temperature air from outside the 
equipment cabinet, routing it through a filter and suci^ing the filtered air with a 
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fan into the cabinet. The air passes through the cabinet, absorbing heat 
generated by the components, and the warmed-up air is blown out of the 
cabinet. Forced air circulation can be used to prevent the air temperature 
inside the cabinet from exceeding the outdoor temperature. 
5 The advantage of gravity and forced air circulation lies in its low 

cost and simplicity. The drawbacks include the ingress of moisture, small 
particles and gaseous impurities into the equipment cabinet. Where the 
temperature and/or humidity of the ambient air fluctuates greatly, as in 
tropical conditions, for example, humidity inside the cabinet condenses. 

10 Typically, condensation occurs when the outdoor temperature falls in the 
evening and at night; this causes the temperature of the air inside the 
cabinet to drop, resulting in a decreased capacity to contain moisture. 
Condensation on surfaces may adversely affect the operation of electrical 
equipment Moreover, the units inside the cabinet must be encased to 

15 prevent contamination, which complicates maintenance and servicing. In 
areas with a lot of dust, filters tend to dog quickly and must be replaced 
frequently. In cold climates, the filters can freeze over and be blocked by 
snow. 

However, large volumes of heat cannot be removed from a closed 
20 space without equipment performing mechanical work, such as air-to-air heat 
exchangers, air-to-liquid heat exchangers or heat-pipe heat exchangers that 
are all here collectively refenred to as heat exchangers. Equipment cabinets 
fitted with heat exchangers are designed to operate in the medium 
temperature range. Medium temperature refers to outdoor air temperatures 
25 up to +40 «C. 

The advantages of using a heat exchanger include its technical 
reliability and the fact that cabinets can be sealed and weatherproofed to 
facilitate impurity and humidity control. The drawback is that because the 
temperature difference between the heat exchanger inlet and outlet side is 
30 about 15^C. the internal temperature of electronic components may, at high 
outdoor temperatures, easily exceed the maximum permissible limits. For 
this reason, equipment cabinets fitted solely with heat exchangers cannot be 
used when the ambient temperature exceeds +40 ^C. 
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A third known method of controlling temperature is to use an air- 
conditioning unit. This incorporates a cooling unit containing liquids, such as 
Freon. that evaporate at a low temperature to maintain the temperature 
inside the cabinet at a suitable level even If the ambient temperature 
' exceeds 40»C. Humidity can be controlled and the equipment cabinet can be 
completely sealed. The disadvantage is that the air-conditioning unit is an 
expensive piece of technical equipment that requires servicing and 
consumes a lot of energy. 

Publication WO 96/19046 suggests that the equipment cabinet be 
divided into two compartments that are isolated from each other by an 
airtight wall. The first compartment houses equipment that generates a lot of 
heat, such as transmitters that are encased in housings fitted with cooling 
fins. The second compartment houses equipment that produces little heat. 
The first compa.rtme.nt is cooled using forced air circulation by drawing air 
from the outside and blowing it across the cooling surfaces of the housings 
out of the cabinet. The second compartment is cooled by an air-to-air heat 
exchanger located In the first compartment. Thus, the forced air circulation in 
the first compartment cools the heat exchanger, so that heat is transferred 
from the closed air circuit of the second compartment, which incorporates a 
fan. to the first compartment and then outside via the heat exchanger. 

The solution presented in the said WO Publication pemiits the 
operation of the equipment cabinet even at high outdoor temperatures 
because components generating a lot of heat are cooled by the forced 
circulation of air drawn from outside. The disadvantage is that the equipment 
must be carefully encased and sealed to prevent contamination and to 
improve the efficiency of heat transfer. An equipment cabinet that is split into 
two compartments allowing for the provision of separate cooling systems for 
the compartments is an expensive special design. Placing the 
telecommunications components in two compartments within the cabinet and 
installing the cabling between the components in separate compartments 
also increase costs. 

The objective of the present invention is to provide a multi-purpose 
cooling system for an equipment cabinet that permits the operation of 
telecommunications equipment over a wide temperature range and. 
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specifically, at extremely high outdoor temperatures common around the 
equator. However, the cooling system of an equipment cabinet should be as 
simple as possible and made of standard components and, preferably, such 
that no special casings around the components are required. 

5 

Summary of the invention 

The present invention is based on the observation that even in the 
hottest regions the period during which extremely high temperatures of over 
+40 °C or even over +50 °C occur is relatively short and that most of the time 

10 the temperature remains below +40 ^C, Thus, the cooling system can be 
bipartite with the first section consisting of a cooling system with a closed 
circulation of the air inside the cabinet and the second section consisting of a 
cooling system with an open circulation of the air inside the cabinet. 

Consequently, for most of the year, the cooling of the cabinet can 

15 be effected using the first set of cooling equipment that incorporates an air- 
to-air heat exchanger. During the short period of time when the heat 
exchanger cannot cool the equipment cabinet efficiently enough, the second 
set of cooling equipment with forced flow-through air circulation will be 
engaged. For cooling, the second set of equipment uses filtered outdoor air 

20 without processing it in any way. Because this period of time is short it is not 
necessary to encase the equipment and the risk of the filters getting clogged 
is so low that they need not be replaced often. By optimising the operation of 
the heat exchanger and through-flow air circulation according to the 
geographical area where the equipment cabinet is located and by giving due 

25 consideration to the specific conditions prevailing at the installation site, such 
as wind, the sun exposure/shadow ratio, etc., it is possible to achieve the 
best possible performance. 

Tapping air directly from the heat exchanger and/or the through- 
flow air circulation inlet by means of tubing can further enhance the cooling 

30 of selected pieces of equipment. Selected equipment can also be heated by 
placing a heating resistor in their vicinity. Installing heat sources close to 
critical components and using them to warm up such components near the 
operating temperature facilitates, among other things, the cold start of a base 
transceiver station. This is necessary if the outdoor air temperature at the 

35 cabinet installation site falls below zero. 
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Brief description of the drawings 

In the following, the Invention is explained in more detail with 
reference to the enclosed drawings where 

Figure 1 shows how the cabinet is cooled, and 

Figure 2 shows an equipment cabinet featuring additional point-like cooling. 
Detailed description of the Invention 

Figure 1 shows an equipment cabinet in accordance with the 
invention in cross-section. The equipment cabinet is designed for outdoor 
installation and contains, in this example, the components incorporated in 
the base transceiver station in a mobile communications networl<. However 
It is not essential to the invention what telecommunications components the 
cabinet contains, nor is it important how they are installed inside it. For 
example, the cabinet may feature a rack on which the components are 
mounted. In the figure, the components are simply denoted by numbers 1. 2 
and 3 and they could be plug-in units. TRX units, power supply units, etc. 

The same equipment cabinet is designed to operate both at the 
normal operating temperature range of -33'C to +4O0C and the high outdoor 
temperature range of +40»C to +50=C. Within the firet temperature range, 
cooling is provided by the heat exchanger, and when the temperature 
reaches the high-temperature range, cooling efficiency will be enhanced by 
outdoor air drawn in through a filter. The structure and operation of the 
equipment cabinet is first explained within the normal temperature range and 
then within the high-temperature range. 

Within the normal temperature range, cooling is provided by the air- 
to-air heat exchanger 100 mounted on the equipment cabinet wall. Suitable 
heat exchangers are. for example, reverse-flow and cross-flow plate heat 
exchangers and pipe heat exchanger structures. Other types of heat 
exchangers may also be used. The outdoor air circulation fan 101 is used to 
draw air to the air inlet section of the exchanger through the air inlet. The 
outdoor air passes through the heat exchanger along the canals and leaves 
through the air outlet duct. The travel path of the inlet air is illustrated by the 
arrows. Power control of the outdoor air circulation fan is continuously 
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adjustable, adjustable in steps or by using the on/off method, depending on 
the cooling needs of the telecommunications components inside the cabinet. 

The side of the heat exchanger next to the equipment cabinet is 
separated from the outdoor side. Air heated inside in the equipment cabinet 
5 is forced by the internal air circulation fan 102 to the heat exchanger in such 
a way that the heat inside the equipment cabinet is transfen-ed, via 
convective surfaces, to the outdoor air flowing in the outdoor air side of the 
heat exchanger. Air cooled in the heat exchanger inside the cabinet is re- 
routed back into the equipment cabinet. The cooled air in tum cools the 

10 surfaces of the telecommunications equipment inside the cabinet; it is 
warmed up as it rises and the wamried-up air is directed back to the heat 
exchanger Air circulation is denoted by the arrows. Power control of the 
internal air circulation fan is continuously adjustable, adjustable in steps or by 
using the on/off method. 

15 When the outdoor air temperature is approx. +40'*C, the air drawn 

from the cabinet side of the heat exchanger has a temperature of about 
-•-SS^'C, assuming that the difference in temperature between the heat 
exchanger inlet and outlet side is 15^*0. The surface temperature of the 
telecommunications components is considerably higher. As a matter of fact, 

20 their internal temperature may be so critically high as to jeopardise its 
faultless operation. When the outdoor temperature exceeds +40''C, the 
cooling capacity of the heat exchanger is no longer sufficient. For this 
reason, the cabinet also features through-flow air cooling directly with 
outdoor air. 

25 On the suction side, the through-flow cooling circuit incorporates 

the filter 104 and fan 105 and on the outlet side for warmed-up internal air 
the controller 103 is used for adjusting the volume of air to be removed. 
Power control of the fan is continuously adjustable, adjustable in steps or by 
using the on/off method. Controller 103 may also regulate the volume of air 

30 continuously flowing out of the cabinet, in steps and within the normal 
temperature range when through-flow cooling is not used and the control 
switches are off. 

When the outdoor air temperature exceeds +40**C, the fan 105 
switches on. If the fan's power control is continuously adjustable, the fan 
35 runs initially at low power. It draws outdoor air from the inlet duct through the 
filter 104 and blows It to the lower section of the equipment cabinet. From 
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there, the air rises up, cooling the telecommunications components 1. 2 and 
3. Wamied-up air passes out of the cabinet via the outlet opening 106 in the 
upper section of the cabinet. The controller 103 mounted on the outlet duct Is 
used for controlling the volume of warmed-up air flowing out of the cabinet. If 
5 necessary, an exhaust fan can also be fitted in the outlet opening. The outlet 
opening also features the door 107. which is closed when through-flow is not 
in operation. The door may be replaced by any suitable closing mechanism. 
The closing mechanism can also be omitted, but then It Is advisable to mount 
a filter (not shown) in the outlet opening to prevent the ingress of impurities 
10 into the equipment cabinet. 

Preferably, the heat exchanger circulation should also be 
maintained at the extreme temperatures of +40°C to 50°C in order to 
minimise the utilisation rate of the filter circuit of the gravity air circulation 
system. The lower the utilisation rate, the more slowly the filter is clogged 
15 and the fewer Impurities find their way inside the equipment cabinet. The 
heat exchanger can be over-sized, which makes It possible to rely on the 
heat exchanger at higher temperatures and thus reduce the utillsatfon rate of 
the filter circuit and the need for filter replacements. Increasing the efficiency 
of the heat exchanger will also reduce the need for gravity air circulation. 
20 The filter circuit can be built separately or it can be integrated with 

the heat exchanger circuit so that the heat exchanger internal air circulation 
fan provides the fresh air supply and the heat exchanger outdoor air 
circulation fan takes care of blow-out of gravity system air out of the 
equipment cabinet. 

25 Prefen-ed additional features can be incorporated in the proposed 

equipment cabinet design. These include a humidity sensor for measuring 
humidity inside the cabinet, a humidity controller, temperature sensor, fan 
motor speed controllers, pressure differential measurements across the filter, 
air-tight doors for the filter circuit inlet and outlet openings, etc. Controls for 

30 these functions can be incorporated in the same control board. It is advisable 
to keep the filter circuit doors closed if the cabinet is installed in extremely 
tough environmental conditions where ingress of saline fog or chemicals into 
the equipment cabinet Is probable. 

It is advisable to maintain a slight positive pressure inside the 

35 equipment cabinet. With this design, the low volume of air leaving the 
cabinet will be replaced by fresh outdoor air drawn via the filter. 
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Figure 2 illustrates one way of enhancing cooling performance. The 
figure is similar to Figure 1 and the component references are identical, 
where applicable. To improve cooling, a tube is installed from the cool end of 
the heat exchanger to carry cooling air to the desired point. Several optional 
5 designs are feasible. In the figure, several headers (11, 12, 13, and 14) are 
provided to which air is supplied from the heat exchanger via tube 15. Tube 
14 can be installed from the headers to a certain point on the equipment or 
circuit board where efficient point-like cooling is required. Alternatively, or to 
complement the said design, additional air can be drawn from the inlet side 
10 filter circuit. This design is outlined in the figure with the dashed line 
representing tube 16. 

To improve heating efficiency, heating elements (not shown) can 
be mounted at desired points. This will make it easier to cold-start the 
equipment at low temperatures. 

15 
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Claims 

1. A system for cooling a cabinet containing telecommunications 
equipment to control the temperature of the air inside the cabinet by 
regulating the cooling power of the cooling equipment integrated with the 
cab.net in such a way that the temperature of the components inside the 
cab.net remains within the permitted temperature range, characterized 
in that it comprises: 

a first set of cooling equipment incorporating an air-to-air heat 
exchanger (100) which transfers heat contained In the air inside the cabinet 
to outdoor air. the air circulation inside the cabinet being closed: 

a second set of cooling equipment incorporating at least one fan 
(1 05) and filter (104) through which the fan draws outdoor air into the 
cab.net, and an ouUet opening (106) through which air inside the cabinet is 
forced outside, the air circulation inside the cabinet being onan «nd 

control logic that directs the first set of cooling eq Ji^m'ent alone to 
cool the air inside the cabinet at temperatures within a temperature range 
below a certain predefined outdoor temperature, while the second cooling 
equ.pment will sv^tch on when a predefined outdoor temperature Is reached 

2. A system in accordance with patent claim 1. characterized 
in that the said predefined outdoor temperature is approx; ■f40»C. 

3. A system in accordance with patent claim 1. characterized 
m that the first and second sets of cooling equipment are integrated in such a 
way that the heat exchanger (100) intemal air circulation fan and the suction 
fan of the second set of cooling equipment are one and the same and that 
the heat exchanger outdoor air circulation fan and the outlet fan of the 
second set of cooling equipment are one and the same. 

4. A system in accordance with patent claim 1. characterized 
•n that the first set of cooling equipment additionally incorporates air supply 
tubes (11. 12. 13. 14. 15) that can be used to lead air to desired locations 

30 .nside the cabinet. 

5. A system in accordance with patent claim 1, characterized 
m that the first set of cooling equipment additionally incorporates air supply 
tubes (11. 12. 13. 14. 15. 16) that can be used to lead air from the outdoor 
a.r filter circuit (104. 105) to desired locations inside the cabinet 



20 



25 



CIO: <WO_01 1 5507A !_!_> 



wo 01/15507 PCT/nOO/00676 

1/2 




Fi0. 1 



OCIO: <WO 0115507A1.L> 



wo 01/15507 



2/2 



PCT/FIOO/00676 




Fig. 2 



DCrO: <WO__0115507A1J.> 



INTERNATIONAL SEARCH REPORT 



Iniernational application No. 

PCT/FI 00/00676 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC7: H05K 7/00, H04B 1/036 

According to Iniernaiional Patent Classification (IPC) or to boih national classification and IPC 
B. FIELDS SEARCHED 



Minimum documenuiion searched (ciassifjcaiion system followed by classification symbols) 

IPC7: H05K, H04B 



Documenution searched other than minimum documentation to the exunt that such documenu are included in the fields searched 

SE,DK,FI,NO classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP 11135972 A NIPPONDENSO CO LTD) 1999-05-21 

(abstract) World Patents Index (online). London, 
U.K.:Derwent Publications, ltd. (retrieved on 
2000-11-16). Retrieved froni:EPO WPI Database. 
DW199931, Accession No. 1999-363577: 
& JP 11135972 (OENSO CORP) 1999-08-31 
(abstract), (online) (retrieved on 2000-11-16). 
Retrieved froni:EPO PAJ Database 


1-5 


A 


US 5934079 A (HAN ET AL), 10 August 1999 
(10.08.99) 


1-5 


A 


US 5806583 A (SUZUKI ET AL), 15 Sept 1998 
(15.09.98) 


1-5 



1(1 Further documents are listed in the coniinualion of Box C. See patent famiJy annex 



Special categones of dted documents 

"A" document defining the general state of the art which is not conadered 
to be of parti cuJar relevance 

E' earlier application or patent but published on or after the international 
niing date 

"L* document which may throw doubts on pnorily claim(s) or \viuch is 
ated to establish the publicauon date of another citation or other 
spedal reason (as specified) 

'O* document referring to an oral disdonire. use, exhibition or other 
means 

P" document published prior to the iniemationaJ filing date but later than 
the phonty date claimed 



T' later document published after the imemational Cling date or priority 
date and not in conflict with the application but dted to wderstand 
the prindple or theory underlying the invention 

'X* document of particular relevance: the claimed invenoon caiuiot be 
conadered novel or cannot be conadered to involve an inventive 
step when the document is taken alone 

'Y" doctiment of particular relevance: the d aimed invention cannot be 
considered lo involve an inventive step when the document is 
combined with ont or more other such documents, such combination 
bdng obvious to a person sblled in the an 



Date of the actual completion of the international search 
17 November 2000 


Date of mailing of the international search report 

23 -fl- 2000 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 

Form Pr^'tCAHin tr»f*^w%A ok^tx fi«.tu laaev 


Authorized officer 

Per-Olof Warnbo / JA A 

Telephone No. + 46 8 782 25 00 



XID: <WO 011S507A1_L> 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/FI 00/00676 



C (Conunuaiion). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 


Cuiiion of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 5832988 A (MISTRY ET AL), 10 November 1998 
(10.11.98) 


1-5 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 

3010: <WO_01l55O7Al_L> 



INTERNATIONAL SEARCH REPORT 
Informaiion on patent family members 



International application No. 

PCT/FI 00/00676 



US 


5934079 


A 


10/08/99 


CN 
GB 
GB 


1220575 A 
2329012 A.B 
9819613 D 


23/06/99 
10/03/99 
00/00/00 


us 


5806583 


A 


15/09/98 


JP 


8340189 A 


24/12/96 


us 


5832988 


A 


10/11/98 


NONE 







Form PCT/ISA;210 (patent family annex) (July 1998) 
3CID: <WQ__0115507A1_L> 




THIS PAGE BLANK (USPTO) 



